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(57) ABSTRACT

Rotatable multi-operation tool including replaceable cutting
inserts of ditlerent types, and a basic body rotatable around a
center axis with rear and front ends from which there is
extending rearward an envelope surface 1n which at least one
chip space 1s countersunk, which opens in the envelope sur-
face and 1n the front end. A first cutting 1nsert type 1s mounted
in a first msert seat formed 1n one side surface of the chip
space 1n the immediate vicimty of the front end and included
in a cavity opening in the front end for the cutting insert to
partly protrude axially forward from the front end. A second
cutting msert type 1s mounted in a second 1nsert seat formed
in the same side surface as the first insert seat and situated
axially behind the first insert seat and included 1n a cavity
opening 1n a part of the envelope surface.
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ROTATABLE MULTI-OPERATION TOOL FOR
CHIP REMOVING MACHINING, AND A
BASIC BODY THEREFOR

This application 1s a Continuation Application of U.S.
patent application Ser. No. 11/987,857 filed on Dec. 5, 2007,
which claims priority under 35 U.S.C. §119 to Swedish
Patent Application No. 0700112-6 filed on Jan. 17, 2007, both

of which are hereby incorporated by reference i their
entirety.

FIELD OF THE INVENTION

The present invention relates generally to a rotatable multi-
operation tool for chip removing machining, among other
things hole making, of the type that includes, on one hand, a
plurality of replaceable cutting inserts of different types, and
on the other hand a basic body that 1s rotatable around a center
ax1is and includes a rear end and a front end from which there
1s extending rearward an envelope surface in which at least
one chip space, delimited by two opposite side surfaces, 1s
countersunk. The chip space opens not only 1n the envelope
surface but also in the front end. A first cutting insert 1s
mounted 1n an insert seat that 1s formed 1n one side surface of
the chip space as well as situated 1n the immediate vicinity of
the front end and 1ncluded 1n a cavity that opens in the front
end for the cutting insert to partly protrude axially forward
from the front end. The mvention also relates to a basic body
for multi-operation tools.

BACKGROUND OF THE INVENTION

Withun the field of cutting or chip removing machining of,
above all, workpieces of metal, miscellaneous working
operations occur that are based on a workpiece and a tool
being set 1n motion in relation to each other. Although the
relattve motions at times may be linear or rectilinear, many
operations are carried out by a combination of linear and
rotary motions. Previously, two main types of motion com-
binations could be distinguished, viz. on one hand, rotation of
a workpiece and machining of the same using a non-rotary,
linearly movable tool (1.e., turning), and on the other hand
rotation of a tool for the machining of a fixed workpiece (1.¢.,
drilling and milling). Recently, numerically controlled
machines have been developed, 1n the form of so-called Mul-
tiTask machines or TurnMill centers, which dramatically
increased the possibilities of combining different relative
motions when the tool 1s to machine the workpiece. Thus,
now 1t 1s, for mstance, possible to clamp the workpiece in a
holder, which may alternately either be fixed 1n a given loca-
tion, or be brought to rotate, possibly during simultaneous
linear motion ofthe holder, at the same time as a holder for the
tool may not only be rotated and/or linearly fed, but also be
moved planetary (transverse fed). The planetary motion can
take place irrespective of whether the tool rotates in relation to
the movable holder or 1s locked 1n relation to the same (1.e.,
without rotating around its own axis).

The combination possibilities offered 1n modern machines
have resulted 1n a fairly intense development of so-called
multi-operation tools, which 1n one and the same set-up can
machine a workpiece in a plurality of different ways, e.g., by
turning, milling, drilling, etc. In such a way, the number of
tool exchanges, when individual tools are returned to a maga-
zine and a new tool 1s picked out from the same to replace the
preceding one, can be brought down to a minimum while
increasing the efficient working hours of the machine.
Examples of such multi-operation tools are disclosed 1n, for
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example, German patent document no. DE 3733298 A1, U.S.
Patent Application Publication No. 2004/0177491 Al, and

Swedish patent document SE 523733,

A commonly occurring task within the metal-working
industry 1s to provide a hole having at least one female thread.
Such holes may be deep or shallow, and either be open in both
ends or open 1n one end and closed in the other (so-called
blind holes). Furthermore, the thread may be formed either
along the entire length of the hole wall or only along a part of
the same. In the latter case, the thread 1s usually located
closest to the entering mouth of the hole.

Also for the specific task of recessing a hole and providing

the same with a thread, multi-operation tools of the drill type
have been proposed. Thus, U.S. Pat. No. 4,943,191 discloses
a drilling tool that includes two front cutting edges formed
adjacent to chip flutes for the purpose of making holes, as well
as two sets of thread-cutting teeth formed adjacent to the side
limiting edges of the chip flutes. However, a disadvantage of
this tool 1s that the tool has to be discarded, or possibly be
reground, as soon as either the front, hole-making cutting
edges or the thread-cutting teeth behind have been worn out or
otherwise become unusable, because the cutting edges as well
as the teeth are integrated in a common, solid drill body.
Another disadvantage 1s that the tool only can generate
threads having a predetermined profile shape and a predeter-
mined pitch. Thus, 1n order to be able to provide threads
having a varying profile shape and a varying pitch, a great
number of different tools have to be provided. In addition, the
thread 1s compulsorily formed along the entire length of the
recessed hole.

Furthermore, by U.S. Pat. No. 5,733,078 a drilling tool 1s
known, which 1n contrast to what has been described above,
makes use of replaceable cutting inserts 1n a long-term oper-
able basic body. However, also 1n this case, the hole-making
cutting edges of the tool and the thread-cutting teeth thereof
are active simultaneously, because they are included in one
and the same cutting insert. A consequence of this 1s that the
front tooth of each set of teeth partially participates directly 1n
the hole-making task, without being able to work i an
already generated hole wall. This mode of operation runs the
risk of giving poor dimensional accuracy in the generated
thread. Another disadvantage i1s that the thread always
becomes as long as the proper hole. In other words, the hole
can never, even partially, be formed with a smooth 1nside.

A chip-removing tool, which includes a plurality of cutting
inserts and insert seats placed one after the other 1n a common,
flute-like chip space, 1s a long-edge milling cutter. However,
in this case, the cutting inserts and the appurtenant insert seats
are of the same type so far that all cutting inserts of the row of
cutting inserts are milling inserts, which cannot machine a
workpiece 1n another way than by milling.

The present invention aims at obviating the above-men-
tioned disadvantages of previously known multi-operation
tools and at providing an improved tool particularly suitable
for purposes of making holes and forming threads. Therefore,
an object of the invention 1s to provide a multi-operation tool
by which a hole can be recessed and immediately thereafter
be provided with one or more threads.

Another object of the invention 1s to provide a tool that, 1n
direct connection with the hole making, allows the formation
of one or more single grooves having an arbitrary cross-
section shape inthe hole wall, e.g., for clamp rings, O-rings or
the like. Furthermore, the tool should be able to allow the
formation of holes that includes one or more threads of vary-
ing length, as well as one or several smooth, threadless sec-
tions.
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Yet another object of the mnvention 1s to provide a tool by
which holes can be recessed having most varying diameters,
and simultaneously allow forming of one or more threads of
varying profile as well as varying pitch. In a particular respect,
the invention aims at increasing the flexibility of the tool so
far that the same should be convertible 1n a stmple way for
other tasks than thread forming, e.g., pure drilling or hole
making. Although the main object of the invention 1s to pro-
vide a tool for hole making and the formation of internal
threads, the tool should, however, also be possible to be used
for external machining, e.g., turning of male threads.

Still another object of the nvention 1s to enable a simple
and cost-effective manufacture of the tool, among other
things by allowing the use of standardized components, e.g.,
in the form of existing drill or milling cutter-body work-
pieces, as well as commercially available cutting inserts that
do not require modifications.

SUMMARY OF THE INVENTION

In an embodiment, the invention provides a rotatable multi-
operation tool for chip removing machining, including a plu-
rality of replaceable cutting inserts of different types, and a
basic body that 1s rotatable around a center axis and includes
a rear end and a front end from which there 1s extending
rearward an envelope surface in which at least one chip space,
delimited by two opposite side surfaces, 1s countersunk,
which opens in the envelope surface and 1n the front end. A
first cutting insert 1s mounted 1n a first msert seat that is
formed 1n one si1de surface of the chip space and situated in the
immediate vicinity of the front end and included 1n a cavity
that opens 1n the front end for the cutting insert to partly
protrude axially forward from the front end. A second cutting,
insert, of a type other than the first cutting insert, 1s mounted
in a second insert seat, which 1s formed 1n the same side
surface as the first mnsert seat and situated axially behind the
first insert seat. The second insert seat 1s included 1n a cavity
that opens 1n a part of the envelope surface.

In another embodiment, the invention provides a basic
body of a rotatable multi-operation tool for chip removing
machining, including a rear end, a front end from which an
envelope surface extends rearward, and two ditferent types of
insert seats, a first one of which 1s formed 1n one of two
opposite side surfaces that delimit a chip space, which opens
in the front end and in the envelope surface, and 1s included 1n

a first cavity that 1s situated in the immediate vicinity of the
front end and opens 1n the front end, the basic body being
rotatable around a center axis. The second insert seat 1s
included 1n a second cavity that 1s formed 1n the same side
surface as the first cavity and situated axially behind the first
cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, illustrate the
presently preferred embodiments of the invention, and
together with the general description given above and the
detailed description given below, serve to explain features of
the 1nvention.

FIG. 1 1s a perspective view of a multi-operation tool in
accordance with an embodiment of the invention, the basic
body of which 1s in the form of a drill body;

FI1G. 2 1s a perspective view showing the tool rotated 180°
in relation to the location according to FIG. 1;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 3 1s an enlarged, partial perspective exploded view of
the same tool showing three cutting inserts included 1n the

tool spaced-apart from the basic body;

FIG. 4 15 an end view from the front of the tool;

FIG. 5 1s a view showing the space positions of the three
cutting 1nserts in the tool;

FIG. 6 1s a series A-H illustrating four different steps in the
machining of a workpiece by means of the tool;

FIG. 7 1s a perspective view of an alternative embodiment
of the tool according to the invention;

FIG. 8 1s an enlarged perspective exploded view showing
the cutting 1nserts of the tool 1n FIG. 7 spaced-apart from the
basic body thereof;

FIG. 9 15 an end view corresponding to FIG. 4 of the tool
according to FIGS. 7 and 8;

FIG. 10 1s a view showing the mutual locations of the
cutting 1nserts in the tool in FIG. 7;

FIG. 11 1s a series A-F showing different steps in the
machining of a workpiece by the tool according to FIGS.
7-10;

FIG. 12 15 a partly exploded perspective view showing an
additional alternative embodiment of the tool according to the
invention; and

FIG. 13 1s a perspective view of a fourth embodiment of the
tool, the basic body of the tool being in the form of a milling-
cutter body.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
=]

ERRED

The tool shown in FIGS. 1-6 includes a basic body 1 as well
as a plurality of replaceable cutting 1nserts 2, 3, 4. The basic
body 1 1s rotatable 1n the direction of rotation R around a
center axis C and includes a rear end 5 as well as a front end
6, which 1s formed with a number of part surfaces of limited
size. In the backward direction from the front end, an enve-
lope surface 7 extends that 1n this case 1s rotationally sym-
metrical, more precisely cylindrical, and that ends 1n a collar
8, which separates the envelope surface 7 from a rear fixing
part9 thatis fixable 1n a machine (not shown). In the front part
10 of the dnll body delimited by the envelope surface 7, two
chip spaces 11 are formed. In the embodiment shown, the
basic body 1 has the shape of a drill body, and therefore the
chip spaces 11 are tlutes having a considerable length. Eac
flute 1s helicoidal and has a cross-sectionally concave shape.
More precisely, the individual flute 1s delimited by two side
surfaces 12a, 1256, which individually are concave and con-
verge 1n a common, likewise concave bottom 12¢.

Two of the cutting 1nserts, viz. the cutting inserts 2, 3, are
mounted 1n the front end of the dnll body 1, and protrude a
distance axially from surrounding part surfaces. The cutting
insert 2 1s a center insert, which 1s mounted 1n a first insert seat
included 1n a centrally situated pocket or cavity 13. More
precisely, the insert seat 1s 1n this case formed of a bottom
surface 14 and two side support surfaces 15. The cutting insert
2 1s fixed by a screw 16 the male thread of which 1s tightened
in a female thread 1n a hole 17 that opens 1n the bottom surface
14. The pocket 13 1s spaced-apart from the envelope surface
7 via a border having a plane surface 18 formed in the exten-
sion of the side surface 12a of the chip flute 11. Due to the
central placement thereot, the center isert 2 will machine
only a central part of the hole recessed by the tool.

The cutting msert 3 1s a peripheral cutting 1nsert, which 1s
mounted 1 a pocket or cavity 19, which 1s delimited by a
plane bottom surface 20 and two side support surfaces 21, 22.
The surfaces 20, 21, 22 together form an 1nsert seat against
which the peripheral cutting isert 3 can be urged with the
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underside and two side surfaces thereof. The bottom surface
20 extends up to the envelope surface 7 of the basic body, and
therefore an active cutting edge, more precisely the cutting
edge situated at the front and radially outer corner of the
cutting 1nsert, can be located somewhat outside the envelope
surface 7. In this connection, refer to FIG. 4, in which the
diameter of the front drilling body member 10 1s designated
D1, and the diameter of the imaginary circle S1, which 1s
touched by the active corner edge of the cutting insert 3 when
the tool rotates around its own center axis C, 1s designated D2.

In the same way as the center insert 2, the peripheral cutting,
insert 3 1s fixed by a screw 16, the male thread of which can be
tightened 1n a female thread 1n a hole (not visible) that mouths
in the bottom surface 20.

In FIG. 6, 1t 1s seen that two cooling-liquid channels 23 are
formed inside the basic body and extend from the rear end
thereot toward the front. As 1s seen 1n FIG. 3, one of said
cooling-liquid channels 23 mouths 1n the chip flute 1n which
the center insert 2 1s mounted, more precisely at a point
situated 1n front of the cutting 1nsert as viewed 1n the direction
of rotation. The other cooling-liquid channel mouths under
the peripheral cutting msert 3.

As far as the shown tool has been described hitherto, the
same 1s 1n all essentials disclosed 1n International Patent
Application Publication Nos. WO 03/099494 and WO
03/099495, as well as commercially available under the
trademark CoroDrill 880®.

According to the invention, behind at least one of the two
front cutting inserts 2, 3, a cutting insert 4 of another type than
the front cutting inserts 1s arranged. In the example, the two
front cutting inserts 2, 3 are 1n the form of drill cutting 1nserts,
while the third cutting insert 4 1s a turning msert, more pre-
cisely a thread-cutting msert. In the preferred embodiment,
the cutting insert 4 1s indexable and includes three suitably
plane and homologous side surfaces 24, which converge in
pairs at an angle of 60° toward corners 1n which teeth 23 are
tformed having cutting edges 26 for forming threads. In prac-
tice, the cutting 1insert may advantageously be a commercially
available standard cutting 1nsert for thread turning.

For the mounting of the cutting insert 4, behind the insert
seat for the center insert 2, a third insert seat 1s formed, which
1s countersunk 1n a third pocket or cavity 27 and formed of a
plane bottom surtace 28 as well as two side surfaces 29, 30,
which diverge at an angle of 60° from a clearance space 31 in
which an 1nactive corner of the cutting isert can be housed.
Like the other cuttmg inserts, the cutting insert 4 1s fixed by a
screw 16, which via a through hole 1n the cutting 1nsert can be
tightened in a female thread 1n a hole 17 that mouths in the
bottom surface 28. The screw 16 1s in a known way elastically
deformable 1n order to, upon final tightening, apply a lateral
tightening force to the cutting 1nsert, which presses two side
surfaces 24 of the of the cutting insert against the two side
support surfaces 29, 30 1n the 1nsert seat.

In addition, the pocket 27 1s delimited by a third side
surface 32, however, against which the cutting insert does not
bear. The side surface 32 1s partly formed on a partition wall
33, which separates the two pockets 13 and 27. The two side
surfaces 30, 32 converge toward a second clearance space 34,
which has the purpose of housing the other 1nactive corner of
the cutting msert. The pocket 27 opens 1n the envelope surface
7 via a generally rectangular opening 35, which 1s delimited
by radially outer borderlines of the surfaces 28, 29 and 32.
The opening 35 from all sides 1s surrounded by the cylindrical
envelope surface 7. This means that the borderlines to the
surfaces 29 and 32 are arched.

Reference 1s now made to FIGS. 4 and 5, which partly
schematically 1llustrate the space-geometrical locations of
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the cutting inserts of the tool. As has been previously men-
tioned, the front part 10 of the drill body 1 has a diameter
designated D1. When the tool rotates around 1ts own center
axis C the active cutting edge of the peripheral cutting insert
3 describes a circle S1, the diameter of which 1s designated
D2. Upon such rotation, the radially outermost, active tooth
25 of the thread-cutting insert 4 describes a circle S2, the
diameter of which 1s D3.

As has been previously mentioned, the tool and the work-
piece can be moved planetary or be cross-fed in relation to
cach other 1n modern machines. In such a way, the tool can
provide a cylindrical hole, which 1s represented by the circle
S3 1n FIG. 4, and the diameter D4 of which 1s larger than the
diameter D2. The center M for the circle S3 1s eccentric 1n
relation to the center axis C of the tool. As 1s seen by the fact
that D3 1s larger than both D1 and D2, in this case the outer-
most cutting tooth 25 projects radlally not only 1n relation to
the envelope surface 7 of the basic body, but also i relation to
the active cutting edge of the peripheral cutting 1nsert 3.

In FIG. 5, 1t 1s seen that the cutting 1nserts 2 and 4 mounted
in the tool, 1.¢., the center insert and the thread-cutting 1nsert,
form a certain radial angle o with each other. Although this
radial angle ¢. may vary, the same should be within the range
of 10-25°. In the example, a 1s approximately 20°. Also the
axial angles (lacks designations) of the cutting inserts 2, 4
may differ. For instance, the axial angle of the center insert 2
may be zero or positive, while the axial angle of the thread-
cutting 1nsert 4 behind 1s negative, e.g., within the range of
2-5°.

Reference 1s now made to FIG. 6, which schematically
illustrates a series of consecutive working operations that can
be carried out by the described tool. In the pair of Figures
A-B, a simple drilling operation is 1llustrated, which can be
carried out either by rotating the tool while a workpiece 36 1s
clamped, or by rotating the workpiece and the tool being
clamped, so far that 1t does not rotate around its own center
axis C. Requisite longitudinal feed may be eil

ected either by
moving the tool linearly along 1ts own axis, or by moving the
workpiece linearly. It 1s even possible to simultaneously
rotate as well as longitudinally feed the tool and the work-
piece. In this operation, the center axis CH of the recessed
hole 37 coincides with the center axis C of the tool.

The bore depth T 1s limited 1n the shown operation by the
axial location of the protruding thread-cutting insert 4 along
the drill body, 1.e., the front end of the tool 1s not fed further
into the workpiece 36 than that the teeth of the protruding
thread-cutting 1nsert clear the entering surface 38. In this first
drilling step, a hole 1s created having the diameter D2 (see
also FIG. 4).

In the next step, according to the pair of Figures C-D, the
diameter of the hole 1s widened to D4. Thais 1s carried out by
a planetary combination of motions, which by those skilled 1in
the art 1s denominated helix interpolation, and which 1s real-
1zed by the tool—under simultaneous rotation around 1ts own
center axis C—1s set 1n motion 1 such a way that the same
circles around the center axis M of the hole to be made, more
precisely 1n a circular path of motion. Simultaneously, the
tool 1s longitudinally fed 1n relation to the workpiece, how-
ever not deeper than that the thread-cutting insert 4 still clears
the entering surface 38. The diameter D4 of the widened hole
1s determined by the eccentric measure “e” according to the
formula D4=D2+(2xe).

In one or more subsequent steps, which 1s illustrated 1n the
pair of Figures E-F, another or more central holes having the
diameter D2 may be drilled while extendmg the hole to the
desired depth, and then each central hole 1s widened to the
diameter D4 in the way shown 1n the pair of Figures C-D.
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In a concluding step according to the pair of Figures G-H,
a thread 39 1s formed in the nside of the recessed hole. This
1s carried out by milling by the thread-cutting insert 4. For this
purpose, the tool 1s brought to rotate around its own center
axis C at the same time as the same is helix interpolated, more >
precisely by the center axis C of the drnll being brought to
circle around the center or center axis M of the hole during
simultaneous longitudinal feed, the value of which deter-
mines the pitch of the thread to be made. The completed
thread obtains the outer diameter D3 (see also FIG. 4). In this
operation step, the center 1nsert 2 1s mactive and the thread-
cutting insert 4 active, while the peripheral cutting insert 3
may be etther mactive or active so far that the same may mall
off additional material from the hole wall. If the recessed hole

1s a blind hole, such as shown 1n FIG. 6, the thread 39 can be

formed along only a limited part of the length of the hole,
more precisely adjacent to the entering surface 38. However,
if the hole 1s through, the thread can be formed along the
entire length of the hole. 20

In the operation sequence shown in FIGS. 6 A-H, the
proper hole 1s recessed by drilling in a plurality of steps,
something that 1s preferred as a consequence of drilling—in
comparison with milling—being a quick operation. However,
this does not prevent that the tool 1s utilized to make the hole 25
as well as the thread 1n a single, continuous, pure milling
operation.

In FIGS. 7-11, an alternative embodiment of a multi-op-
eration tool 1s shown, which differs from the one described
previously primarily 1n the shape and placement in the tool of 30
the thread-cutting insert 4. Thus, 1n this case the cavity 27 for
the thread-cutting insert 4 1s formed adjacent to a so-called
relief in the form of a non-cylindrical part surface 40 that 1s
situated inside the imaginary cylinder defined by the envelope
surface 7. In such a way, the chip-removing cutting edge of 35
the thread-cutting insert can be located closer to the center
ax1s ol the basic body than in the former case. Thus, as 1s seen
in FIGS. 9-10, the imaginary circle S2, described by the
thread-cutting edge under the own rotation of the tool, has a
diameter D3 that 1s smaller than the hole diameter D1, 1.e., the 40
diameter of the circle 51 described by the active cutting edge
of the peripheral cutting insert 3 under rotation. In the
example shown, D3 1s even smaller than the diameter D2 of
the proper drill body.

In FIGS. 7-11, it 1s seen that the thread-cutting insert 4 in 45
this case only 1ncludes one cutting tooth 25 at each corner.
However, also this cutting insert may have a plurality of teeth
at each corner.

As a consequence of the active cutting tooth of the thread-
cutting insert, 1n this case, being located radially inside the 50
active cutting edge of the peripheral cutting insert 3, the tool
can be used for drilling of holes, the length of which 1s not
limited by the axial location of the thread-cutting insert 4
along the drill body. Thus, in the pair of Figures A-B 1n FIG.
11, 1t 1s shown how a hole can be drilled without the active 55
tooth 25 of the thread-cutting insert 4 contacting the hole
wall. In the pair of Figures C-D, 1t 1s shown how the recessed
hole can be widened by helix interpolation, 1.e., planetary
motion under stmultaneous rotation and axial feed of the tool
and the workpiece 1n relation to each other. When this hole 60
has been given the desired length and diameter, forming of
threads follows according to the pair of Figures E-F. Most
suitably, this 1s carried out by the workpiece being set in
rotation at the same time as the tool 1s axially fed after first
having been set out radially mto an eccentric location in 65
relation to the center of the hole, in which location the active
cutting tooth forms the radially outermost element of the tool.
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In other words, during this operation, the tool works as a
boring bar for internal turning.

Reference 1s now made to FIG. 12, which 1llustrates a tool
the turning 1nsert 4 of which 1s suitable for forming internal
grooves 1n the recessed holes. Thus, 1n this case the cutting
isert 4 ncludes cross-sectionally U-shaped teeth 25. By
cross-feeding the tool without feeding the same longitudi-
nally, the active cutting tooth can turn a groove 1rrespective of
whether the workpiece 1s brought to rotate 1n relation to the
tool or vice versa.

In FIG. 13, an additional alternative embodiment of the
invention 1s shown. In this case, the basic body 1 has the shape
of a milling-cutter body having a front head 10 1n which two
chip spaces 11 are recessed that are considerably shorter than
the previously described flutes 1n a drill body.

The two chip spaces house front cutting inserts 2, 3, which
advantageously are 1dentical and consist of milling 1nserts,
¢.g., ol standard type. Behind at least one of the milling
iserts, a cutting insert 4 of another type than the milling
inserts 1s arranged 1n the way previously described. Also 1n
this case, the cutting insert 4 behind i1s 1n the form of a
thread-cutting insert. In accordance with the invention, the
same 1s mounted in the same side surface 12a as the front
cutting insert 2. The opposite side surface of the chip space 12
1s delimited by a plane side surface 1256 as well as a concavely
arched part surtface 12d. Between the side surface 12q and the
two part surfaces 125, 124, there 1s a radius transition 12¢. In
FIG. 13, 1t 1s seen that the axial length of the chip space 12 1s
only just slightly greater than the total space occupied by the
two cutting 1nserts 2, 4.

Although the basic body of the tool 1n this case 1s a milling-
cutter body having a generally larger diameter than the pre-
viously described drll bodies, the tool according to FI1G. 13
can carry out the same working operations as the tool shown
in FIGS. 1-6.

A Tundamental advantage of the tool according to the
invention 1s that the same immediately after the recessing of
a hole can be utilized for internal machiming of the recessed
hole, e.g., by thread forming, grooving or the like. In other
words, no tool exchange 1s required between the hole making
and the internal machining. Furthermore, the tool can, 1n one
and the same set-up, form holes that include one or more
threads of varying length as well as one or several smooth,
threadless sections. Another advantage 1s that one and the
same tool can be utilized for the recessing of holes having
most varying diameters at the same time as the same can be
quickly machined internally 1n miscellaneous ways. The tool
oflfers a particular degree of freedom so far that the same does
not necessarily need to be utilized for internal machining of
holes. By either removing the rear cutting insert or the aux-
iliary 1nsert in the individual chip space, or by simply not
setting out the same radially (according to FIGS. 7-11), the
tool can accordingly be utilized for pure hole making. In
addition, 1t 1s possible to use the tool for external machining,
¢.g., grooving or turning of threads.

While the mvention has been disclosed with reference to
certain preferred embodiments, numerous modifications,
alterations, and changes to the described embodiments are
possible without departing from the sphere and scope of the
invention, as defined 1n the appended claims and their equiva-
lents thereof. For example, it 1s possible to form the basic
body of the tool with more than two tangentially spaced-apart
chip spaces or flutes. Among the same, one or more, €.g., all,
may 1nclude one or more cutting mserts mounted behind the
front msert of another type than the front insert. Instead of
triangular turming nserts, also other auxiliary inserts may be
used, e.g., round cutting 1nserts. Furthermore, the tool may
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include only a single front insert. Accordingly, 1t 1s intended
that the invention not be limited to the described embodi-
ments, but that 1t have the full scope defined by the language
ol the following claims.

What 1s claimed:

1. A rotatable multi-operation tool for chip removing
machining, comprising;:

a plurality of replaceable cutting inserts of different types;

and

a basic body that 1s rotatable around a center axis and
includes a rear end and a front end from which there 1s
extending rearward an envelope surface in which at least
one chip space, delimited by two opposite side surfaces,
1s countersunk, which opens 1n the envelope surface and
in the front end,

a first cutting insert being mounted 1n a first insert seat that
1s formed in one side surface of the chip space and
situated 1n the immediate vicinity of the front end and
included 1n a cavity that opens 1n the front end for the
cutting insert to partly protrude axially forward from the
front end, the cavity that opens in the front end being
spaced-apart from the envelope surface,

a second cutting insert, of a type other than the first cutting
isert, being mounted 1n a second nsert seat, which 1s
formed 1n the same side surface as the first insert seat and
situated axially behind the first insert seat, the second
insert seat being included 1n a cavity that opens 1n a part
of the envelope surface, wherein

the envelope surface 1s at least partially cylindrical such
that its largest radius defines a radius of an 1maginary
circle, and the cavity including the second insert seat 1s
axially adjacent to a relief surface that 1s radially situated
inside the imaginary circle, the relief surface being a part
of the envelope surface.

2. The tool according to claim 1, wherein the basic body
includes two tangentially spaced-apart chip spaces, each one
of which includes a front msert seat and an appurtenant cut-
ting insert, and at least one of which includes a rear insert seat
and an appurtenant cutting insert.

3. The tool according to claim 2, wheremn the two front
cutting inserts are hole-making inserts, one of which 1s a
center insert and the other of which 1s a peripheral cutting
insert that determines the bore diameter of the tool.

4. The tool according to claim 3, wherein the rear cutting
insert i the chup flute 1s behind the center 1nsert.

5. The tool according to claim 4, wherein a radially outer
cutting edge of the rear cutting insert i the chip flute 1s
tangent to another imaginary circle, the diameter of which 1s
larger than the bore diameter of the tool.
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6. The tool according to claim 1, wherein the basic body 1s
in the form of a drill body, the chip space of which 1s an
clongate flute that extends a distance rearward from the sec-
ond cutting insert.

7. The tool according to claim 6, wherein the chip flute 1s
helicoidal and delimited by two concave side surfaces that
converge 1nto a common, concave bottom.

8. The tool according to claim 1, wherein a radially outer
cutting edge of the rear cutting insert 1 the chip flute 1s
tangent to another imaginary circle, the diameter of which 1s
smaller than the bore diameter, and protrudes a distance from
the reliet surface that 1s included in the envelope surface and
situated next to the flute side surface 1in which the cutting
insert that 1s forward of the rear cutting insert 1s placed.

9. The tool according to claim 1, wherein the second cut-
ting 1nsert 1s countersunk in relation to the first cutting insert
such that an upperside of the rear cutting insert 1s situated
under an 1maginary plane in the extension of an upperside of
the front cutting 1nsert.

10. The tool according to claim 1, wherein each cutting
insert 1s 1n its entirety embedded 1n the appurtenant cavity.

11. The tool according to claim 1, wherein the first and
second cutting mserts are inclined 1n relation to each other at
an acute radial angle (¢.) within the range of 10-25°.

12. The tool according to claim 1, wherein the first cutting
insert has an axial angle that 1s neutral or positive, while the
second cutting nsert has a negative axial angle.

13. The tool according to claim 1, wherein the second
cutting insert 1n the chip space has a triangular basic shape,
and 1ncludes three corners, one of which protrudes through
the opening of the appurtenant cavity toward the envelope
surtace.

14. The tool according to claim 13, wherein the second
cutting insert 1s mdexable and includes three homologous
side surfaces, which converge in pairs at an angle of 60°
toward corners 1n which cutting edges are included.

15. The tool according to claim 1, wherein the two cavities
in which the insert seats are included are spaced-apart from
cach other via a partition wall.

16. The tool according to claim 1, wherein the relief surface
1s non-cylindrical.

17. The tool according to claim 16, wherein the relief
surface 1s a planar surface.

18. The tool according to claim 1, wherein the cavity that
opens 1n the front end i1s spaced-apart from the envelope
surface via a planar surface.



	Front Page
	Drawings
	Specification
	Claims

